Increasing value requires improving quality or decreasing costs. In surgery, estimates for the cost of 1 minute of operating room (OR) time vary widely. No benchmark exists for the cost of OR time, nor has there been a comprehensive assessment of what contributes to OR cost.
U nderstanding hospital costs is critical to value-based care. Hospitals charge insurers and patients at a markup, 1 expecting a reimbursement (revenue) that is greater than their actual costs to generate a profit. Whereas in traditional fee-for-service models, more services equate to more revenue, new models, such as bundled payments, will reimburse hospitals a set amount for the surgical episode. 2 These capitated models focus on cost control, shifting the burden of cost minimization away from insurers and onto clinicians and administrators.
There is a growing body of literature describing costsaving interventions in surgery [3] [4] [5] [6] ; however, estimates of savings vary widely, and while myriad reasons may explain this variation, such as implementation differences, hospital setting, and patient mix, these analyses are often not comparable because of variations in the type of cost data and accounting practices used. 7, 8 An exemplar of this variation is operating room (OR) cost, with reported values ranging widely, from $7 to more than $100 per minute, even within a surgical field or procedure. [9] [10] [11] [12] [13] In 2010, an editorial found no standardized estimates were available and that most existing sources report hospital charges, 14 which are confounded by contractual allowances and profit margins, and are of little use when assessing cost-saving interventions.
Given that surgical care accounts for nearly one-third of all US health care spending, 15 and the OR is the second most expensive part of surgical care, 16 having a data-driven benchmark for OR cost and defining what contributes to this cost is essential. California law requires hospitals to report financial metrics to the Office of Statewide Health Planning and Development (OSHPD). This study uses these statements to calculate the mean cost of 1 minute of OR time, assess variation between hospitals, understand what contributes to cost, and evaluate how cost has changed over time.
Methods

Data Set
The data set includes 10 years (2005-2014) of California Hospital Annual Disclosure Reports (HADR) released by the OSHPD. California hospitals are required to use the OSHPD's accounting system and to report disclosures in a comparable format. 17 Duplicate reports occur when facilities change ownership, licensure, or the dates of their fiscal year (FY). 17 To prevent double counting, only the longest report for a given facility was included each year. Hospitals set their own FY; for example, in FY2014, most hospitals began on either July 1, 2013, or January 1, 2014. This analysis pools these into a single fiscal year identified as FY2014. Hospitals were linked over time using the OSHPD facility number, a unique identifier based on location. The data for this study are publicly available and do not meet the definition of human participants research. As such, institutional review board review was not indicated, which we confirmed with the institutional review board of the University of California, Los Angeles, prior to starting our project. 
Included Hospitals
Calculating the Cost per Minute of OR Time
Descriptions of select financial terminology are included in eTable 2 in the Supplement. 18 This study focuses on the perspective of the hospital (ie, the cost to the hospital of delivering the service). However, many financial perspectives exist including that of the patient (ie, out-of-pocket costs) or the payer (eg, the amount Medicare reimburses a hospital), as well as the societal perspective, which would include both patient and payer costs along with the opportunity cost of patient and caregiver time, transportation costs, and effects on future productivity. 19 Each HADR is organized in a series of sequentially more granular details (eFigure in the Supplement). The income statement lists total expenses for a year. As a contrived example, total expenses may be $1 billion. Expenses are divided into smaller bins, culminating with individual revenue centers. This study focuses on 2 revenue centers: (1) surgery and recovery and (2) ambulatory surgery. To extend our example, the former may have expenses of $10 million and the latter may have expenses of $5 million. As defined by the OSHPD, the surgery and recovery center includes all costs associated with "the performance of surgical and related procedures during and immediately following surgery" 17(p2420. Meaning These numbers are the first standardized estimates of operating room cost; understanding the composition of costs will allow those interested in value improvement to identify high-yield targets.
detailed by the OSHPD, but they are likely included. Operating rooms used for both inpatient and outpatient operations are classified under surgery and recovery. To compare costs across facilities, each revenue center has a unit or denominator. For surgical revenue centers, the unit is minutes of operating time, which is the sum of OR time for the year. Time is measured from the beginning to end of anesthesia or, when no anesthesia is provided, the start and stop of surgery. Hospitals report these units for each revenue center (continuing our example, 200 000 minutes for each). To calculate the cost per minute, the facility divides expenses in that revenue center (ie, $10 million and $5 million) by the number of minutes (ie, 200 000) to produce a cost per minute (ie, $50 per minute or $25 per minute). Each facility reports expenses, the number of minutes, and the cost per minute in their HADR.
For each revenue center, costs are further divided into direct (costs attributable to the revenue center, such as staff salaries or supplies [eTable 2 in the Supplement]), and indirect costs (costs allocated from nonrevenue centers, such as security, that are required for patient care but cannot be attributed to a single department [eTable 2 in the Supplement]). Direct costs are split into wages, benefits, professional fees, supplies, purchased services, depreciation, leases and rentals, and other direct expenses (eFigureintheSupplement).
Some services physically performed in the OR are counted in revenue centers outside of surgery and recovery. Notable examples include anesthesia, supplies sold to patients (eg, implants and tissue factors), radiologic procedures, pathologic tests, and the blood bank. We report these costs separately from the OR costs per minute. Cost estimates for these revenue centers are not specific to the OR; for example, the cost of a unit of blood is averaged over the OR, intensive care unit, and ambulatory settings.
Statistical Analysis
All costs were winsorized to the fifth and 95th percentiles to account for outliers. 20 Facilities with very low ambulatory surgery volumes (<10% of total operative minutes) had necessarily high costs per minute and were excluded from ambulatory analysis (this excluded 8 of 60 facilities in FY2014). Each HADR provided a cost per minute for each revenue center. We calculated the median and mean (grand mean) across facilities and stratified by setting (inpatient vs ambulatory), teaching status, and hospital ownership. Comparisons were made within and between categories using rank sum and Kruskal-Wallis tests. Ambulatory and inpatient costs were paired for a given facility using the ratio of inpatient to ambulatory costs. To assess whether covariates (eg, teaching status) had different cost trajectories over time, we conducted a difference-in-difference analysis using mixed-effects linear regression models. Two-sided tests with P < .05 were used for statistical significance.
Results
Sample and Hospital Characteristics, FY2014
Of 445 California facilities providing HADR files in FY2014, 302 were included in this analysis. Seventy-five facilities were excluded because of lack of comparability in financial statements and an additional 68 were excluded because they were the wrong type of hospital (eg, psychiatric care) or because surgical expenditure data were not available. Of the included hospitals, 78 (25.8%) were for profit, 175 (57.9%) were not for profit, and 49 (16.2%) were government owned. Thirty facilities (9.9%) were teaching hospitals ( Table 1) . Median annual discharge volume was 7069 patients, with 59 of 302 hospitals (19.5%) reporting less than 1000 or more than 20 000 discharges. The median number of ORs (inpatient or combined inpatient and outpatient ORs) was 6, and for the 60 hospitals reporting ambulatory surgery data, the median number of ambulatory ORs was 5.
Cost per Minute of OR Time, Stratified by Setting and Hospital Characteristic, FY 2014
The mean (SD) cost for 1 minute of OR time across California hospitals was $37.45 ($16.04) in the inpatient setting ( Table 2 ) and $36.14 ($19.53) in the ambulatory setting (Table 3) , which was not statistically different (P = .65). On paired analysis, however, the ratio of inpatient to ambulatory costs per minute was 1.31 (95% CI, 1.10-1.51) ( 
Trends Over Time, Including Comparisons With Common Inflation Indices
The Figure presents data over time. Figure, A shows the components of cost (direct, indirect, and subcomponents of direct) for inpatient ORs. The proportion of cost attributable to indirect expenses has increased from 39.5% to 44.3% (P < .001), with commensurate decreases in salary (29.8% to 28.1%; P = .01) and supplies (6.5% to 4.2%; P < .001). inpatient and ambulatory costs for hospitals with both inpatient and ambulatory ORs. There was no statistical difference in trends when stratified by ownership or setting (inpatient vs ambulatory). However, teaching hospital costs increased more slowly than nonteaching hospital costs during the study (difference-in-difference coefficient, -1.098, P < .001). Costs of OR time have increased significantly faster than the medical component of the consumer price index and urban consumer price index (eTable 3 in the Supplement). 
Miscellaneous Expenses, FY2014
Discussion
The mean cost of OR time was $36 to $37 per minute using financial data from California's short-term general and specialty hospitals in FY2014. Although small differences exist by setting, payer, and teaching status, mean costs of OR time were all between $30 and $38 per minute. Of the $36 to $37 per minute, $20 to $21 is direct costs, with $13 to $14 attributable to wages and benefits and $2.50 to $3.50 attributable to nonbillable surgical supplies. Previous estimates of cost per minute have been limited to single-site studies with marked variation and scarce accounting details. For example, 2 studies on joint replacements estimated costs per minute at $51 for a "fully staffed rate" 12(p1258.e1) and $113
for "staff and instrumentation" costs. 11(p1785) A study in laparoscopic hysterectomy found a cost per minute of $94.14 for "support staff salaries, drapes, room maintenance, and…noncharge-able items," 21(p74) while a study in pediatric hernia repair found a cost per minute of $6.67. 9 This variation likely reflects incorporation of different cost categories. Our study, on the other hand, uses consistent resources (ie, salaries and benefits), across hundreds of California facilities, and benefits from well-defined accounting principles mandated by the OSHPD. Across most covariates (eg, setting and ownership), costs per minute were stable, perhaps suggesting an optimized efficiency with little room for improvement. The exception, however, is in teaching hospitals, which have achieved slower growth in OR costs during the study. In FY2014, teaching hospitals spent approximately $8 per minute less than nonteaching hospitals. Although this amount is seemingly small, the hospitals with the highest volume in this study perform more than 4 million minutes of surgery per year; therefore, the potential cost savings when extrapolated to the state or national level could be considerable.
If we save 1 minute of OR time, how much does that actually save the hospital? At $37 per minute, OR time appears expensive; however, using this number without understanding its components may be misleading.
Almost half this cost is indirect-expenses generated by nonrevenue centers such as security and parking. These costs are allocated to the department based on statistical factors such as square footage. These costs are outside the control of the clinician and often beyond the control of the departments' managers. Saving 5 minutes will have little effect on these expenses and are unlikely to be realized savings for the hospital.
Of the $20 to $21 direct costs, more than two-thirds ($13-$14) goes toward salaries and benefits-a potentially highvalue target. These wages include both the staff in the OR (eg, scrub nurses and circulating nurses) as well as technicians, aides, managers, and administrators. It is important to consider which employees are affected by time-saving interventions. For example, in a group of studies that estimated cost savings by comparing wound closure techniques, 9, 11, 12, 22, 23 all found small changes in the wound closure time, but found no difference in total procedure time. Staff that cannot leave the room after wound closure (ie, nurses and anesthesiologists) would, therefore, not be realized savings. Nevertheless, finding ways to reduce labor costs, for example, through decreased overtime and per diem pay, may be beneficial. A total of $2.50 to $3.50 per minute is attributed to nonbillable supplies-items that cannot be charged to the patient such as gloves, packs, and sutures. Although this component is small, it is potentially mutable, and recent work has shown that cost feedback to surgeons may reduce supply costs. 3, 4, 6 The final few dollars are attributed to purchased services (eg, repair services), depreciation (of equipment), leases and rentals, utilities, licenses, and insurance.
As a result of the revenue center structure, some costs are not included in the estimated cost of $37 per minute, including supplies billed to patients (eg, implants), anesthesia, radiologic procedures, pathologic tests, and the blood bank. The estimated cost of $37 per minute reflects a base rate including the resources (eg, personnel and supplies) that are essential to running an OR. This number can be useful when evaluating the effect of reducing OR time, although with the caveats listed above (ie, indirect costs are unlikely to change). Previous studies have described much higher costs per minute (>$100) through the addition of other revenue centers, such as the inclusion of an expensive implant. However, unlike the base rate, these additional costs cannot be saved through time alone; therefore, these estimates may be deceiving. Instead, these additional costs must be targeted directly by using less-expensive implants, performing fewer radiologic procedures, or sending fewer specimens for pathologic testing.
The above analysis is based on a cost-center approach-a "topdown" strategy in which total expenses are sequentially divided into smaller units. An alternative, time-driven activity-based costing (TDABC [eTable 1 in the Supplement]), starts from the bottom up. 24, 25 By mapping the steps of a patient's care, the cost of each step can be calculated using the smallest unit possible (eg, 1 minute of a nurse's time). These estimates are likely to be more accurate and actionable, and previous studies have demonstrated their feasibility in a variety of fields. 26, 27 But, TDABC has not been widely adopted, likely owing to the significant upfront investment. However, by dividing cost-center estimates into their smallest components, as is illustrated in our study, future research can approximate TDABC estimates. A recent TDABC study in laparoscopic appendectomy estimated personnel costs at approximately $10 per minute, 28 similar to the numbers presented here.
Finally, opportunity cost in surgery refers to the loss of revenue from inefficiency. If saving time allows the OR to schedule an additional case, this potential revenue should be included as a cost. Opportunity costs vary and are likely to be highest for short operations (ie, myringotomy or cataract surgery), where scheduling additional cases is more likely. 29 However, opportunity cost requires a case to be profitable, which, in many circumstances, depends primarily on payer mix. Future work analyzing intraoperative costs should consider several details. First, the numbers presented here can be referenced as a benchmark for the average procedure performed at the average hospital. Studies using local estimates can incorporate these statewide numbers, allowing for comparisons as well as improved generalizability. Second, the resources included in cost estimates (eg, salaries and supplies) should be well described and, ideally, itemized; it is important to consider how interventions actually affect these individual categories, if at all. Value analysis committees should be wary of device manufacturers promising large cost savings based on OR time alone. Finally, the consumer price index and medical component of the consumer price index are likely not appropriate when adjusting cost data for a single revenue center.
Limitations
This study has some limitations. First, while the OSHPD provides detailed guidelines for cost allocation, differences across facilities may exist-for example, depending on compensation contracts, physician remuneration may be included under salary or professional fees or may not be included at all. How facilities account for immediate preoperative care is not stated, nor is there an explicit auditing process for time measurements. However, given the similarity in estimates across facilities, the effect of these accounting differences is likely small. Furthermore, our primary interest was creating a generalizable estimate for the cost per minute of surgery regardless of the accounting process. Second, this study provides only a mean price for an average procedure. As mentioned above, for some procedures, additional revenue centers (eg, radiologic procedures) will be involved. Although no less important to target, we believe these costs should be considered outside of the base rate of OR cost. The costs that are included in our estimates (eg, salary, benefits, and nonbillable supplies) may vary between operations, especially if additional staff are required, such as perfusionists. Finally, the results are limited to short-term hospitals in California, and because of an exemption, Kaiser hospitals are not included, limiting generalizability.
Conclusions
Assessing value relies on precise estimates of cost. The cost of 1 minute of OR time is often used with little regard to how the value was calculated. This study of California hospital financial statements found the mean cost of OR time is $36 to $37 per minute, with minimal variation by setting or institutional characteristic. More than half this cost is not modifiable in the short term, including indirect costs and depreciation of equipment, and therefore will not be realized savings unless specifically targeted. These statewide numbers can serve as a benchmark when evaluating intraoperative cost-savings efforts. Finally, understanding the composition of costs will allow those interested in value improvement to identify high-value targets. Costs that can be attributed to a specific department 18 , such as the salary and benefits of staff employed within the surgical department, supplies used, and utilities.
ARTICLE INFORMATION
Indirect Costs
Costs that cannot be attributed to a specific department, but rather are required as part of a larger operation, such as insurance, interest, and land tax. These costs are allocated to the individual department based on "statistical factors" such as the square footage of the department, revenue, or full time equivalents 17, 18 .
Fixed Costs
Costs that do not vary based on activity level; another way to think of fixed costs is that they are sunk -they will exist no matter how many patients are served. Indirect costs are often fixed, such as rent and tax. 18 Variable Costs Costs that are directly proportional to the activity level; in other words, every additional patient will add variable costs. Supplies are a classic example 18 .
Semi-Variable Costs
Costs that are proportional to activity level, but only once a certain threshold is reached. Staffing is often semi-variable; for example, if a med/surg floor has a 5:1 patient-to-nurse ratio, the first through fifth patients admitted will have the same cost, but the sixth patient will require a second nurse, and therefore increase costs 18 .
Cost-Charge Ratio (CCR)
The CCR is the ratio between total hospital charges (the total amount billed to patients/payers for all patients over a given year) and total hospital costs. Administrative databases, such as those released by the Centers for Medicare & Medicaid Services and the Healthcare Cost & Utilization Project (HCUP) provide these ratios for a hospital for a given year allowing researchers to convert the patient's bill (charges) to an approximate cost of taking care of the patient. Time-Driven Activity-Based Costing (TDABC) An accounting system that calculates the actual resources expended to take care of a patient by aggregating the smallest available unit of measurement. TDABC requires extensive process mapping of a patient's route through the hospital to calculate costs, but is considered more accurate and more actionable as it allows identification of waste in the care process. TDABC is contrasted to traditional "topdown" approaches which calculate the total expenses of a department or hospital and then breaks them into smaller units 24, 25 .
